Superconductivity in noncentrosymmetric LaNiC 2 is expected to be induced by electron-phonon interactions due to its lack of magnetic instabilities. The non-Bardeen-Cooper-Schrieffer (BCS) behaviors found in this material call into question the long-standing idea that relates unconventional superconductivity with magnetic interactions. Here we report magnetic penetration-depth measurements in a high-purity single crystal of LaNiC 2 at pressures up to 2.5 GPa and tempera- 
I. INTRODUCTION
In conventional BCS superconductors magnetism appears as a competing phenomenon.
However, experiments show that in almost all known bulk unconventional superconductors, such as Sr 2 RuO 4 , 1 high-T c cuprates, 2 iron pnictides, 3 CePt 3 Si, 4 UPt 3 , 5 and other heavy fermions, 6 magnetism coexists with or is in close proximity to the superconducting phase.
This group excludes the nonmagnetic LaNiC 2 and PrOs 4 Sb 12 , although in the latter compound neutron-diffraction data revealed a small field-induced antiferromagnetic ordering.
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Since unconventional superconductivity is defined as the breaking of additional symmetries besides the gauge symmetry U(1), Li 2 Pt 3 B ? is not considered here. These experimental findings have led to the long-standing idea that unconventional superconductivity should be tightly connected with magnetic instabilities. In this sense the possible existence of non-BCS superconductivity in LaNiC 2 , [8] [9] [10] which has been shown to be in a nonmagnetic ground state at ambient pressure and zero field, 11, 12 introduces a puzzling and highly fundamental issue: Can unconventional superconductivity exist in the complete absence of a magnetic environment?
The lack of magnetism in LaNiC 2 (as well as in YNiC 2 ) is surprising, since in most Ni-based compounds the 3d-Ni magnetic moment yields magnetic ordering. However, in with La plane at x = 0 and NiC 2 plane at x = 0.5 sequentially stacked along the a-axis.
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The structure lacks inversion symmetry along the c-axis. The single crystal was grown by the Czochralski method in a tetra-arc furnace and grew in a cylindrical ingot of about 2 mm in diameter. The purity of the starting materials was 3N for La, 5N5 for C and 4N8
for Ni. A sample was cut to dimensions 0.5 × 0.5 × 0.3 mm 3 , then polished and used in all measurements. Other crystalline pieces were measured to corroborate the results.
At ambient pressure the penetration depth was measured with a 13 MHz tunnel diode oscillator system. 21 High-resolution magnetic penetration depth measurements under pressure were carried out in a newly developed system 22 which utilizes a 13 MHz tunnel diode oscillator coupled to a self-clamped hybrid-piston-cylinder cell made of nonmagnetic BeCu and NiCrAl alloys. Both experimental setups were extensively checked and compared with each other to make sure they yield identical results. To within a calibration factor, the oscillator frequency shift with respect to the value at the lowest temperature is proportional to the penetration depth deviation, ∆f (T ) ∝ ∆λ(T ). For the configuration H a axis we probe the in-plane magnetic penetration depth ∆λ (T ), whereas for H ⊥ a axis we probe the out-of-plane magnetic penetration depth ∆λ ⊥ (T ).
Fully relativistic first-principles electronic structure calculations were carried out using a full potential linearized augmented plane-wave (FPL-APW) method in the framework of density functional theory as implemented in the WIEN2k package. 23 
3

III. AMBIENT PRESSURE RESULTS
The normalized penetration-depth deviations ∆λ(T ) for magnetic fields H a and H ⊥ a are shown in Fig. 1 (a). It is observed that for both field directions the diamagnetic onset occurs around 3.4 K. This is consistent with the transition onsets in magnetic susceptibility and electrical resistivity of poly-and single-crystal samples. 8, 12, 20, 24, 25 Heat-capacity measurements indicate that bulk superconductivity sets in around 2.7 K, with a transition width of 0.5 K. 8, 12, 20 Since our diamagnetic transitions are quite broad we take their midpoint around 3 K as the T c . is seen that the in-plane penetration depth ∆λ (T ) ∝ (T /T c ) 4 and the out-of-plane penetra-
In orthorhombic crystals having a finite spin-orbit coupling, these power laws are expected for superconducting energy gaps with point nodes at the poles ([100] axis). 26, 27 Our finding is consistent with previous heat-capacity and penetration-depth results in polycrystalline samples 8, 9 which suggested the presence of nodes in the energy gap.
We reanalyzed the recent heat-capacity data obtained in single crystals 20 and found that they nicely follow a (T /T c ) 3 power law (inset of Fig. 1(b) ), which is indicative of point nodes.
To further analyze the penetration depth results, we performed numerical simulations of the normalized superfluid density ρ = λ 2 (0)/λ 2 (T ) in the local approximation
Here . . . represents an angular average over the Fermi surface (with spherical symmetry as simplified model), f is the Fermi function,k is the momentum, and E(k) is the total energy.
The superfluid density of LaNiC 2 was obtained by estimating λ(0) ≈ 1230Å from γ n ≈ 7 mJmol −1 K 2 and Hc 2 (0)≈ 1250 Oe. 8, 11 Since LaNiC 2 is an isotropic superconductor, 20 we used the same value of λ(0) for both field orientations. In Fig. 2 we compare the normalized superfluid density of LaNiC 2 with numerical simulations of the mixed state A 2 model (with the z-axis parallel to the crystallographic a-axis) of the point group C 2ν with spin-orbit coupling (SOC) included. This state is an admixture of spin-singlet and spin-triplet states and has symmetry-required point nodes along the z-axis. 27 A two-gap model and the local weak-coupling BCS approximation are also included in Fig. 2 state seems to be dominant and the results clearly indicate that LaNiC 2 has point nodes along the crystallographic a-axis. Thus both the penetration depth in the true low-temperature limit and the superfluid density in the entire temperature region provide strong evidence of point nodes at the poles (along the crystallographic a-axis) of the superconducting energy gap, firmly establishing that LaNiC 2 is an unconventional superconductor. The presence of point nodes poses a striking problem in regard to TRS breaking in this system, since broken-TRS states occur in nonunitary triplet channels with gap functions having line nodes and gapless excitations. 10, 27, 28 This inconsistency adds to the current debate on the violation of TRS in an orthorhombic crystal with finite SOC.
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IV. FINITE PRESSURE RESULTS
In order to study the pressure response of the superconducting phase we measured the penetration depth in the configuration H a up to 2.48 GPa. Figure 3 Since LaNiC 2 was thought to be a rather simple alloy this result at first was unanticipated.
In simple metals and their alloys, pressure causes a decrease of the density of states at and, therefore, in T c . 29 The numerical data, however, markedly fail to reproduce the entire T − P phase diagram, calling into question the pure electron-phonon interaction as the driving mechanism of superconductivity in this material.
On the other hand, the sharpening of the superconducting transition with pressure may discard sample inhomogeneities as the origin of the broad transition at ambient pressure. This pressure-induced effect then opens the question about the physical source of the broadening. We note that a similar behavior of the pressure dependence near T c was observed in penetration-depth studies on CeIrSi 3 and CeRhSi 3 . 22 In these Ce-based compounds the transition becomes the sharpest at the top of the superconducting dome (highest T c ), suggesting that at this point superconductivity is optimum regardless of whether or not there exists a magnetic quantum critical point (QCP). steeply. This pair-breaking behavior followed by a diamagnetic drop strongly indicates the emergence of a magnetic order within a superconducting phase. 22, [30] [31] [32] [33] The results provide the first-ever evidence of a magnetic phase in LaNiC 2 , which is part of a large family RNiC 2 whose members R=rare-earth show antiferromagnetism at ambient pressure. Line-node-induced Andreev bound states are also discarded. Furthermore, upturns due to impurities and bound states just increase without turning down at all as T goes down. found in experiments. 11, 12 To gain insight into the appearance of the magnetic phase we carried out first-principles numerical calculations of the electronic density of states (DOS) and band structure in the pressure range 0-2 GPa. We find no evidence in the partial DOS of overlapping states near the Fermi level, which could be indicative of hybridizations. Neither we observe any significant variations in the band structure that could suggest a rearrange of the electronic states. All this is consistent with recent calculations for higher pressures up to 15 GPa. 29 Spin-polarized electronic structure calculations under external pressure may need to be completed to consistently analyze magnetism in this compound.
V. FINAL REMARKS
Finally, we discuss the very pertinent point of the superconducting mechanism in LaNiC 2 .
Conventional superconductivity is firmly known to be mediated by electron-phonon interactions, whereas unconventional behavior is believed to be caused by the interaction of local magnetic moments and conduction electrons (i.e., be magnetically mediated). Point nodes in the energy gap and TRS breaking make superconductivity definitely unconventional in LaNiC 2 . The magnetic phase and the QCP found in the present work inside the superconducting state fulfill the requirement by the common believe that magnetic instabilities lead 9 to unconventional superconductivity. So the superconductivity picture of LaNiC 2 is quite consistent with that of most strongly correlated electron systems, such as cuprates, ironpnictides, organics, and heavy fermions. On the other hand, there is the idea that in LaNiC 2 other contributions to the driving mechanism are in play or that another high-pressure phase that competes with superconductivity may possibly exist. 25, 29 This high-pressure phase could very well be the magnetic one found in the present work.
One expects that in centrosymmetric compounds an unconventional superconductivity in a p-wave triplet state would be favored by ferromagnetic instabilities, 36,37 whereas a d-wave singlet state would be induced by antiferromagnetic fluctuations. 38 In noncentrosymmetric 
VI. CONCLUSIONS
In summary, we reported measurements of the magnetic penetration depth of a highpurity single crystal of noncentrosymmetric LaNiC 2 . The low-temperature responses suggest the presence of point nodes in the superconducting energy gap. At finite pressure an antiferromagnetic order appears inside the superconducting phase below 0.5 K, revealing the presence of a magnetic quantum critical point at ambient pressure. Our results enhance the idea that unconventional superconductivity appears close to magnetic instabilities.
